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CHECKVALVE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This patent application is a continuation-in-part of Inter 
national Application PCT/EP2005/006425 published as PCT 
patent application WO 2005/123176 A1, with an interna 
tional filing date of Jun. 17, 2005 and entitled “NON-RE 
TURNVALVE, PARTICULARLY FOR MEDICAL APPLI 
CATIONS,” which claims the benefit of priority to German 
patent application DE20 2004 009 521.1, filed Jun. 17, 2004 
and entitled “Rickschlagventil, Insbesondere für Mediz 
inische Anwendungen'; and a continuation-in-part of Ger 
man patent application DE20 2006 016 730.7, filed Oct. 30, 
2006 and entitled “Rickschlagventil, Insbesondere fir 
Medizinische Anwendungen.” The entire contents of each of 
the above applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to a check valve, such as a check 
valve Suited for medical applications. 

BACKGROUND 

Check valves may be used to selectively fluidly connect a 
first hose with a second hose. More specifically, check valves 
known in the art may be used to permit fluid flow in a first 
direction and to prevent or restrict flow in a second, opposite 
direction. One such known check valve includes a first hose 
connector housing, a second hose connector housing, and a 
membrane disk of flexible material positioned between the 
two hose connector housings. The membrane disk is selec 
tively sealingly seated on a valve seat to selectively separate 
the first and second hoses from each other. Specifically, when 
unaffected by external forces the membrane disk is seated on 
the valve seat. However, the membrane disk becomes 
unseated and permits fluid connection between the first and 
second hoses when a Sufficient external force acts on the 
membrane disk, such as fluid pressure from fluid flowing 
along the first hose. More specifically, the membrane disk 
defines openings located radially outwardly from the valve 
seat that permit fluid flow therethrough when the membrane 
disk is unseated, thereby connecting the first and second 
hoses. Such a design is disclosed European patent 0 612 537, 
and German Utility Model 20 2004 009 358.8, the entire 
contents of each of which are incorporated herein by refer 
CCC. 

In the medical technique, check valves may be used for the 
lines of infusion systems, Syringes, diagnosis equipment, 
intravenous hose lines, in connection with Syringe pumps, 
and the like. Check valves used for medical applications 
preferably have closing times of a few fractions of a second 
and are able to close safely to avoid any reflux of possibly 
contaminated fluids. Therefore, such check valves are pref 
erably statistically accurate. Additionally, because check 
valves used in medical applicants are typically a single-use 
product, such check valves are also preferably relatively inex 
pensive and easy to manufacture. 

Furthermore, medical and/or governmental regulations 
and/or other legal provisions and standards may require uni 
form safety functions. For example, in Germany, medical 
devices must be approved before they are able to be generally 
used in medical applications. 
One Such known check valve design includes a membrane 

disk with an annular protrusion received within annular 
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2 
grooves defined by the first and second hose connector hous 
ings. This design causes the membrane disk to have a rela 
tively, radially-tight fit such that the seal between the mem 
brane disk and the valve seat is relatively consistent, that is, 
the fluid pressure required to unseat the membrane disk is 
relatively consistent. Additionally, the radial tension forces 
acting on the membrane disk cause relatively fast action 
between the membrane disk and the valve seat. 

However, it is desirable to have available check valves of 
varying opening pressures for different applications and/or 
for use with patients having varying characteristics. For 
example in connection with the use of Syringe pumps, it is 
desirable to prevent the pump from running empty due to the 
difference in height between the patient and Syringe pump 
since the valve could already be open because of the geodetic 
height. Since such valves however usually are assembled 
from injection molded parts, the production of valves having 
different opening pressures may lead to Substantial costs of 
the molds. 

During use of known check valves, relatively high fluid 
pressure from the entry hose may cause the membrane disk to 
be unseated by an undesirable distance, such that the open 
ings in the membrane disk contact a wall of the second tube 
connector housing and are obstructed or partially obstructed, 
thereby undesirably blocking or restricting fluid flow to the 
second hose. 

It is therefore desirable to provide a check valve that meets 
medical and legal standards, that is relatively simple and 
economical to manufacture, that may be manufactured with 
varying characteristics in a simple and economical manner, 
and that prevents or minimizes undesired closing of the check 
valve due to relatively high entry pressures or high differen 
tial pressures. 

BRIEF SUMMARY 

This invention seeks to address the above-mentioned short 
comings of the prior art. A check valve is provided, including 
a first hose connector housing defining an entry passage 
extending into an entry space at least partially defined by an 
annular valve seat, a second hose connector housing coupled 
with the first hose connector housing and defining an exit 
passage, and a generally flexible membrane disk positioned 
between the first and second hose connector housings Such 
that the membrane disk selectively engages the valve seat. 
The second hose connector housing defines a protrusion 
extending generally toward the entry passage to urge the 
membrane disk towards the entry passage. The membrane 
disk defines at least one opening located radially outwardly 
from the valve seat, and the membrane disk is configured to be 
movable between a seated position, where the entry space and 
the exit passage are fluidly sealed from each other, and an 
unseated position, where the entry space and the exit passage 
are fluidly connected via the at least one opening. The valve 
seat is located radially outwardly from the protrusion such 
that an unseating pressure required to move the membrane 
disk from the seated position to the unseated position is at 
least partially determined by the radial distance between the 
valve seat and the protrusion. 

In one aspect, the protrusion is configured to permit fluid 
flow from the opening in the membrane disk to the exit 
passage. Additionally, the second hose connector housing 
may define a plurality of protrusions each extending gener 
ally toward the entry passage. 

In another aspect, the projections are positioned with 
respect to each other Such as to Surround the exit passage. For 
example, the projections may define a generally crown 
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shaped formation. Additionally, the projections and the sec 
ond hose connector housing may be formed as a single, uni 
tary component. The membrane disk may include an annular 
protrusion at an outer circumference thereof configured to be 
received in annular grooves defined by the first and second 
hose connector housings. 

In another aspect, a check valve is provided, including a 
first hose connector housing defining an entry passage 
extending into an entry space at least partially defined by an 
annular valve seat, a second hose connector housing coupled 
with the first hose connector housing and defining Supporting 
Surfaces, and a generally flexible membrane disk positioned 
between the first and second hose connector housings Such 
that the membrane disk selectively engages the valve seat. 
The second hose connector housing defines an exit passage, a 
plurality of supporting Surfaces, a recess, and a groove fluidly 
connecting the recess with the exit passage. The membrane 
disk defines at least one opening located radially outwardly 
from the valve seat, and the membrane disk is configured to be 
movable between a seated position, where the entry space and 
the exit passage are fluidly sealed from each other, and an 
unseated position, where the entry space and the exit passage 
are fluidly connected via the at least one opening. When the 
membrane disk is unseated and the entry-side fluid pressure is 
relatively high, the membrane disk engages the Supporting 
surfaces and is thereby prevented from undesirably high 
deflection. 

In yet another aspect, the second hose connector housing 
defines a plurality of recesses respectively positioned 
between adjacent Supporting Surfaces and a plurality of 
grooves each fluidly connecting one of the recesses with the 
exit passage. The Supporting Surfaces each preferably extend 
generally radially towards an outer rim of the second hose 
connector housing. The Supporting Surfaces may also define a 
broadening width along a direction toward an outer rim of the 
second hose connector housing. Additionally, each of the 
grooves is preferably positioned between adjacent Supporting 
Surfaces. 

In another aspect the membrane disk defines a plurality of 
openings located radially outwardly from the valve seat and 
wherein each of the openings is generally kidney-shaped. 
Additionally, the second hose connector housing preferably 
defines six Supporting Surfaces and the membrane disk pref 
erably defines eight openings. 

In yet another aspect the Supporting Surfaces each define an 
inner end positioned within a radius of the valve seat and the 
inner ends each define a projection positioned within the 
radius of the valve seat and configured to pretension the 
membrane disk towards the valve seat. 

In another aspect, the second hose connector housing 
includes an outer rim configured to secure the membrane disk 
and the Supporting Surfaces each define a first portion extend 
ing Substantially completely across a radial distance between 
the exit passage and the outer rim. The second hose connector 
housing may also include an outer rim configured to secure 
the membrane disk and wherein the Supporting Surfaces each 
define a first portion extending Substantially completely 
across a radial distance between the exit passage and the outer 
rim. The supporting surfaces each preferably further define a 
second portion extending across a portion of the radial dis 
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tance between the exit passage and the outer rim. Addition 
ally, the Supporting Surfaces each preferably define a gener 
ally concave surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial-section, schematic view of an embodi 
ment; 

FIG. 2 is an enlarged view of the check valve shown in FIG. 
1; 

FIG. 3 is an enlarged, perspective view of a second hose 
connector housing of the valve shown in FIG. 1; 

FIG. 4 is an enlarged, perspective view of the second hose 
connector housing as shown in FIG.3, with a portion of valve 
removed for illustrative purposes: 
FIG.5a top view of the second hose connector housing in 

FIG. 3; and 
FIG. 6 is a partial-section, schematic view of another 

embodiment. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

Referring now to preferred embodiments, FIG. 1 shows a 
check valve 1 that is preferably especially suitable for medi 
cal applications and that preferably is suitable for use with 
relatively high-pressure flow (such as 25 bars) and for use 
with relatively low-pressure flow (such as 0.5 bars). The 
check valve 1 includes a first hose connector housing 2 and a 
second hose connector housing 4 and a membrane disk 6 
positioned between the two hose connector housings 2 and 4. 
The hose connector housings 2, 4 are each preferably injec 
tion-molded from a plastic material. Such as a medically 
accepted plastic, e.g. polystyrenes, styrenic copolymers 
(A.B.S.), or polycarbonates, and the membrane disk is pref 
erably made of a flexible plastic material such as silicone, 
silicone rubber, or rubber. 
The first hose connector housing 2 includes an entry pas 

sage 8 opening into an entry chamber 10. The entry chamber 
10 is surrounded by an annular valve seat 12 against which the 
membrane disk 6 is pretensioned. 
The membrane disk 6 includes a completely closed center 

section Such that Substantial tension forces can be transferred 
5 from the center outwardly and vice versa. The outer circum 
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ferential area the membrane disk 6 is provided with an annu 
lar bulge 14 that is preferably unitarily formed with the body 
of the membrane disk 6 via a suitable method such as injec 
tion-molding. In the front face of the first hose connector 
housing 2, an annular groove 16 is formed. Additionally, in 
the front face of the second hose connector housing 4, a 
corresponding annular groove 18 is formed. During the 
assembly of the first hose connector housing 2 with the sec 
ond hose connector housing 4., the annular bulge 14 is 
received in the two oppositely arranged annular grooves 16 
and 18 of the two hose connector housings 2 and 4 and is 
simultaneously pretensioned against the valve seat 12. 
As best shown in FIG. 2, the membrane disk 6 includes 

openings 20 located radially outwardly of the valve seat 12. 
Therefore, when the membrane disk 6 is unseated from the 
valve seat 12, the openings are able to connect an annular 
chamber 21 positioned radially outward of the valve seat 12 in 
the first hose connector housing 2 with an exit chamber 22 in 
the second hose connector housing 4 which is connected with 
the exit passage 22 of the second hose connector housing 4. 
The exit chamber 22 includes a wall 26 oppositely posi 

tioned with respect to the openings 20 of the marginal area of 
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the membrane disk 6 in which recesses generally designated 
with 28 are provided which are oppositely arranged with 
respect to the openings 20. The recesses 28 are separated from 
each other by supporting surfaces 30 for the membrane disk, 
wherein the recesses 28 are connected with the exit passage 
24 by narrow deep grooves 32. The supporting surfaces 30 
prevent the membrane disk 6 from deflecting an undesirably 
high distance to prevent the openings 20 from being 
obstructed or blocked by the wall 53 of the exit chamber 22. 
Therefore, the grooves 32 and the supporting surfaces 30 
cooperate to facilitate use of the check valve 1 under high 
differential pressure. For example, the grooves and the Sup 
porting surfaces 30 prevent over deflection of the membrane 
disk 6 and permit the fluid to flow through the check valve 1 
at a desired, relatively high flow rate. 
As best shown in FIGS. 3 through 5, the supporting sur 

faces 30 preferably extend from a radially central portion of 
the exit chamber 22 to the outer rim 34 of the exitchamber 22. 
Additionally the supporting surfaces 30 preferably have 
increasing widths in the direction of the outer rim 34 such that 
as large of an area as possible may be available for the pos 
sible contact with the membrane disk 6 at high pressures. 
The Supporting Surfaces 30 shown in the figures also 

include inner ends 36 positioned within the radius of the 
opposed valve seat 12. The inner ends 36 of the supporting 
surfaces 30 preferably include projections 38 positioned 
within the radius of the valve seat 12 and extending in the 
direction of the membrane disk 6. The projections thereby 
contact the membrane disk 6 and hold or pretension the same 
in the direction of the entry chamber 10. The projections 38 
Surround the entry opening of the exit passage 24 starting out 
from the exit chamber 22 in an annular pattern with spaces 
therebetween. The projections 38 and the supporting surfaces 
30 are preferably unitarily formed by a suitable process such 
as injection-molding. By means of the height of the projec 
tions 38, an opposing pretension is created with respect to the 
membrane disk 6, wherein by changing the height of the 
projections 38 a change of the cracking or unseating pressure 
of the check valve can be achieved. 
As best shown in FIGS. 3 to 5, the supporting surfaces 30 

may be provided with additional surfaces 40 projecting from 
the inner ends 38 laterally and at an acute angle with the radial 
outer ends 42 thereof lying within the radius on which the 
openings 20 in the membrane disk 6 are positioned. The 
additional surfaces 40 provide an additional support for the 
membrane disk 6 at high pressures, particularly in the radial 
inner area where the membrane disk 6 may experience par 
ticularly high loads. Additionally, the surfaces 44 of the Sup 
porting surfaces 30 and the additional surfaces 40 opposite to 
the membrane disk are preferably concavely shaped and 
therefore are corresponding to the shape of the membrane 
disk under high pressure during the opening of the valve. 

Asbest shown in FIGS. 2 to 5, the deep and narrow grooves 
32 are each positioned between a supporting surface 30 and 
the additional Surface 40 of the neighboring Supporting Sur 
face 30 such that fluid is able to flow through the openings 20 
into the exit chamber 22 in an unobstructed manner. 

For simplifying the assembly of the check valve 1, namely 
to avoid the demand of a special orientation of the membrane 
disk 6, the openings 20 in the membrane disk 6 are kidney 
shaped. Further the check valve 1 preferably includes six 
Supporting Surfaces 30 with the corresponding additional Sur 
faces 40 and the membrane disk 6 preferably includes eight 
kidney-shaped openings 20. 

For the assembly the two hose connector housings 2 and 4 
can be connected by interconnecting an inner annular projec 
tion 46 on the first hose connector housing 2 and an outer 
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6 
annular projection 48 on the second hose connector housing 
4. The projections 46, 48 are preferably connected by a suit 
able method such as welding, ultrasonic welding, or gluing. 

During operation of the check valve, when a relatively high 
entry-side pressure acts on the membrane disk 6, the mem 
brane disk 6 contacts the Supporting Surfaces 30 and addi 
tional surfaces 40 and is thereby prevented from contacting 
the wall 26. This design reduces excessive strain or deforma 
tion and maintains fluid connection between the entry cham 
ber 10 and the exit chamber 22. 

Referring now to FIG. 6, another embodiment is shown. 
The check valve 101 shown in FIG. 6 is especially suitable for 
medical use. The check valve 101 includes a first hose con 
nector housing 102, a second hose connector housing 104 
which, and a membrane disk 106 positioned and clamped 
therebetween. The housings 104,106 may be produced by a 
Suitable method Such as injection molding from plastics like 
that of the first embodiment and the membrane disk 6 is 
preferably made of a flexible material like that of the first 
embodiment, such as silicone, silicone rubber, or rubber. 
The first hose connector housing 102 includes a first entry 

passage 108 leading to an entry space 110. The entry space 
110 is surrounded by an annular valve seat 112 against which 
the membrane disk 106 is pretensioned. At the outer circum 
ferential area of the membrane 106, an annular protrusion 114 
is provided and is positioned between an annular groove 116 
of the first hose connector housing and an annular groove 118 
of the second hose connector housing 102. During the assem 
bly of the first hose connector 102 housing with the second 
hose connector housing 104, the annular protrusion 114 is 
received within the two oppositely positioned annular 
grooves 116 and 118 and the membrane disk 106 is preten 
Sioned against the valve seat 112. 
The membrane disk 106 includes openings 120 positioned 

radially outwardly from the valve seat 112 to selectively 
connect an annular space 121 of the first hose connector 
housing 102, which is radially exterior of the valve seat 112, 
with an exit space 122 of the second hose connector housing 
104, the latter being connected with an exit passage 124 of the 
second hose connector housing 104. 
The wall 126 of the second hose connector housing 4 is 

positioned opposite the membrane disk 106 and limits the exit 
space 122 in the upward direction. A projecting formation 
generally designated with 128 is formed on the wall 126. The 
formation 128 is preferably pervious to media. The formation 
128 supports the membrane disk 106 and/or pretension the 
membrane disk 106 in the direction of the entry space 110. As 
shown, the formation 128 is positioned within the radial 
boundary of the valve seat 112. 
The formation 128 in FIG. 6 includes a number of projec 

tions 130. More specifically, the formation 128 in FIG. 6 
defines a series of discontinuous circumferential projections 
130 extending generally toward the entry space 110. The 
projections 130 are circumferentially generally equally 
spaced from each other such that the circumferential distance 
between any two adjacent projections 130 is generally con 
stant. Additionally, the projections 130 are preferably in the 
shape of a crown and are Surrounding the entry opening 132 
of the exit passage starting from the exit space. As shown, the 
projections 130 are preferably unitarily formed with the sec 
ond hose connector housing 104 by a suitable method such as 
injection molding. The height of the projections 130 affects 
the force exerted on the oppositely pretensioned membrane 
disk 106. Therefore, the force exerted on the membrane disk 
106 by the projections 130 may be modified by adjusting the 
height of the projections 130. As an alternative it is also 
possible to modify the radial distance between the valve seat 
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112 and the projections 130 to adjust the force exerted on the 
membrane disk 106 by the projections 130. More specifically, 
by adjusting the radial distance between the valve seat 112 
and the projections 130, the lever between these components 
is adjusted. These design modifications also affect the unseat 
ing pressure required to unseat the membrane disk 106. 

For the assembly the two hose connector housings 102 and 
104 can be connected by interconnecting an inner annular 
projection 134 on the first hose connector housing 104 and an 
outer annular projection 136 on the second hose connector 
housing 104. The projections 134, 136 are preferably con 
nected by a suitable method such as welding, ultrasonic weld 
ing, or gluing. 

It is therefore intended that the foregoing detailed descrip 
tion be regarded as illustrative rather than limiting, and that it 
be understood that it is the following claims, including all 
equivalents, are intended to define the spirit and scope of this 
invention. More particularly, the apparatus and assembly 
described are merely an exemplary apparatus and assembly, 
and they are not intended to be limiting. Many of the steps and 
devices for performing the steps described above may be 
eliminated or replaced by alternative steps and devices. 
What is claimed is: 
1. A check valve for liquid applications comprising: 
a first hose connector housing defining an entry passage 

extending into an entry space at least partially defined by 
an annular valve seat; 

a second hose connector housing coupled with the first 
hose connector housing, the second hose connector 
housing defining an exit passage, an outer rim, a plural 
ity of Supporting Surfaces spaced circumferentially 
about the exit passage the supporting surfaces defining 
recesses therebetween, and at least one groove fluidly 
connecting at least one recess with the exit passage, the 
second hose connector housing defining a series of dis 
continuous protrusions spaced circumferentially about 
the exit passage and extending generally toward the 
entry passage; and 

a generally flexible membrane disk clamped between the 
first and second hose connector housings such that the 
membrane disk engages the protrusions and selectively 
engages the valve seat, the membrane disk defining at 
least one opening located radially outwardly from the 
valve seat, where the membrane disk is configured to be 
movable between a seated position, where the entry 
space and the exit passage are fluidly sealed from each 
other by the membrane disk, and an unseated position, 
where the entry space and the exit passage are fluidly 
connected via the at least one opening: 

wherein the valve seat is located radially outwardly from 
the protrusions such that the protrusions about the exit 
passage circumferentially support the membrane disk 
toward the entry space and pretensions the membrane 
disk against the valve seat Such that an unseating pres 
sure required to move the membrane disk from the 
seated position to the unseated position is at least par 
tially determined by the radial distances between the 
valve seat and the protrusions, and wherein the Support 
ing Surfaces each define a first radial portion extending 
substantially along the radial distance between the exit 
passage and the outer rim and a second radial portion 
connected to the first radial portion adjacent the exit 
passage and extending across a portion of the radial 
distance between the exit passage and the outer rim, 
thereby defining a second recess between the first radial 
portion and second radial portion fluidly connected to 
the recess between Supporting Surfaces, wherein the 
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8 
membrane disk opening overlies a recess between the 
first and second radial portions such that the membrane 
disk at the unseated position under high differential 
pressures engages the first and second radial portions. 

2. A check valve as in claim 1, wherein the protrusions are 
configured to permit fluid flow from the opening in the mem 
brane disk to the exit passage. 

3. A check valve as in claim 2, wherein the protrusions are 
generally circumferentially equally spaced. 

4. A check valve as in claim 3, wherein the protrusions 
define a generally crown-shaped formation. 

5. A check valve as in claim 4, wherein the protrusions and 
the second hose connector housing are a single, unitary com 
ponent. 

6. A check valve as in claim 1, wherein the coupled first and 
second hose connector housings define an annular groove of 
greater diameter than the annulus of the valve seat, and the 
membrane disk includes an annular protrusion, wherein the 
disk annular protrusion is configured to be received in the 
annular groove defined by the coupled first and second hose 
connector housings. 

7. A check valve for liquid applications comprising: 
a first hose connector housing defining an entry passage 

extending into an entry space at least partially defined by 
an annular valve seat; 

a second hose connector housing coupled with the first 
hose connector housing, the second hose connector 
housing defining an exit passage, an outer rim, a plural 
ity of Supporting Surfaces spaced circumferentially 
about the exit passage, wherein each Supporting Surface 
includes a projection located within the diameter of the 
annular valve seat and extending generally toward the 
entry passage and further includes a first radial portion 
extending Substantially along the radial distance 
between the exit passage and the outer rim, the Support 
ing Surfaces defining recesses therebetween, and at least 
one groove fluidly connecting at least one recess with the 
exit passage; and 

a generally flexible membrane disk clamped between the 
first and second hose connector housings such that the 
membrane disk engages the Supporting Surface projec 
tions to pretension the membrane disk against the valve 
seat and selectively engage the valve seat, the membrane 
disk defining at least one opening located radially out 
wardly from the valve seat, where the membrane disk is 
configured to be movable between a seated position, 
where the entry space and the recess are fluidly sealed 
from each other, and an unseated position, where the 
entry space and the recess are fluidly connected via theat 
least one opening Such as to fluidly connect the entry 
passage with the exit passage; 

wherein the membrane disk is positioned such that at least 
one membrane disk opening overlies at least one recess 
in the second hose connector housing and the membrane 
disk at the unseated position under high differential 
pressures engages the first radial portions and fluidly 
connects the entry space with the exit passage via the at 
least one membrane disk opening, the recess, and the 
groove in the second hose connector housing, and 
wherein the Supporting Surfaces each further define a 
second radial portion connected to the first radial portion 
adjacent the exit passage and extending across a portion 
of the radial distance between the exit passage and the 
outer rim, thereby defining a second recess between the 
first radial portion and second radial portion fluidly con 
nected to the recess between Supporting Surfaces, 
wherein the membrane disk opening overlies the recess 
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between the first and second radial portions such that the 
membrane disk at the unseated position under high dif 
ferential pressures engages the first and second radial 
portions of the Supporting Surface projections to thereby 
fluidly connect the entry space with the exit passage via 
the membrane disk opening, the recess between the first 
and second radial portions, the recess between Support 
ing Surfaces and the groove in the second hose connector 
housing. 

8. A check valve as in claim 7, wherein the second hose 
connector housing defines a plurality of recesses respectively 
positioned between adjacent Supporting Surfaces and a plu 
rality of grooves each fluidly connecting one of the recesses 
with the exit passage. 

9. A check valve as in claim 8, wherein the supporting 
surfaces each extend generally radially to the outer rim of the 
second hose connector housing. 

10. A check valve as in claim 9, wherein the supporting 
Surfaces define a broadening width along a direction toward 
an outer rim of the second hose connector housing. 

11. A check valve as in claim8, wherein each of the grooves 
is positioned between adjacent Supporting Surfaces. 

12. A check valve as inclaim8, wherein the membrane disk 
defines a plurality of openings located radially outwardly 
from the valve seat and wherein each of the openings is 
generally kidney-shaped. 
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13. A check valve as in claim 12, wherein the second hose 

connector housing defines six Supporting Surfaces and the 
membrane disk defines eight openings. 

14. A check valve as in claim 7, wherein the Supporting 
Surface projections are positioned on the inner end of the 
Supporting Surface and adjacent to the exit passage, and posi 
tioned within a radius of the valve seat. 

15. A check valve as in claim 7, wherein the supporting 
Surfaces each have at least a portion that define a generally 
concave Surface. 

16. A check valve as in claim 7, wherein the coupled first 
and second hose connector housings define an annular groove 
of greater diameter than the annulus of the valve seat, and the 
membrane disk includes an annular protrusion, wherein the 
disk annular protrusion is configured to be received in the 
annular groove defined by the coupled first and second hose 
connector housings. 

17. A check valve as in claim 7, wherein the coupled first 
and second hose connector housings define an annular groove 
of greater diameter than the annulus of the valve seat, and the 
membrane disk includes an annular protrusion, wherein the 
disk annular protrusion is configured to be received in the 
annular groove defined by the coupled first and second hose 
connector housings. 

18. A check valve as in claim 17, wherein the supporting 
Surfaces each have at least a portion that define a generally 
concave Surface. 


